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© Microencapsulation of living cells. 

© Living cellular material is microencapsulated In a 
biocompatible semi-permeable membrane formed by in- 
teraction of aqueous solutions of poly-anionic and -cationic 
acrylic polymers to form water-insoluble polymer-polymer 
complex. An aqueous suspension of the cellular material In 
the polyanionic or polycationic acrylic polymer is introduced 
in droplet form into an aqueous solution of the polycationic 
or polyanionic (respectively) acrylic polymer. Examples of 
Irving cellular materiel include hybridoma cells and Islets of 
Langerhans. 
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@ Microencapsulation of living cells. 

(§) Living cellular material is microencapsulated in a 
biocompatible semi-permeable membrane formed by in- 
teraction of aqueous solutions of poty-anionic and -cationic 
acrylic polymers to form water-insoluble polymer-polymer 
complex. An aqueous suspension of the cellular material in 
the potyanionic or polycationic acrylic polymer is introduced 
in droplet form into an aqueous solution of the polycationic 
or potyanionic (respectively) acrylic polymer. Examples of 
Irving cellular material include hybridoma cells and Islets of 
Langerhans. 
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MICROENCAPSULATION OF LIVING CELLS 
The present invention relates to the 
microencapsulation of living cells, within new 
microporous , biocompatible, semi-permeable membranes. 
5 The microencapsulation of living cells has been 

employed for a number of years in attempts tp create 
artificial organs for human use, that are not: subject 
to the rejection phenomena that occurs with normal 
tissue and unencapsulated materials. The process has 

10 been the subject of a number of issued patents, for 
example, U.S. Patents Nos. 4,409,331 and 4,322,311, 
and a number of pending patent applications. 

The major direction of the recent work ; in this 
area has been to obtain a membrane that is completely 

15 biocompatible, possesses the required strength to 
retain the shape and integrity of the microcapsules, 
and whose micropore size can be controlled to the 
extent of allowing essential nutrients to pass freely 
from the environment to cell and required products, 

20 for example, insulin, to go from cell to environment, 
without allowing larger and possibly toxic materials 
to pass. 

For example, in published European Patent 
Publications Nos. 0127713 A2 and 0127989 A2, there is 
described the formation of a semi-permeable membrane 
which is both biocompatible and yet is able to 
protect transplanted tissue and cells from destruction 
by the body immune system, such that, in animal tests, 
a single intraperitoneal transplant of encapsulated 
islets reversed the diabetic state for more than one 
year. 

In much of the previous work and in the 
aforementioned patents and published applications, 
cells are suspended in a polyanionic polysaccharide 
35 gell and the required membrane is formed around this 
polyanionic polysaccharide containing the cells. In 
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the practical application of the procedure,: alginic 
acid or a similar polyanionic polysaccharide is first 
converted to the insoluble gelled calcium salt, which 
permits the formation of a membrane around the 
5 suspended cells. In the aforementioned published 
patent applications, the membrane formed on the gelled 
polyanionic polysaccharide has been poly lysine, which 
is biocompatible and gives microcapsules which can 
survive in vivo for periods up to a year. 

10 After the formation of the membrane to igive the 

microencapsulated cells, the insoluble calcium gel is 
often converted back to the soluble form | of the 
polyanionic polysaccharide by suspending or ; washing 
the microcapsules in physiological saline. 

15 There have been indications . that' membrane 

polymers obtained from monomers that were not of 
natural origin, such as ethyleneimine, were not 
biocompatible and led to rejection of the 
microcapsules by the in vivo system. 

20 To date there has been no suggestion that 

materials other than gels of natural origin may 
provide a biocompatible entrapment medium for the 
cells about which a membrane could be formed without 
damage to the viability of the cells. It has also 

25 appeared that the membrane polymer should comprise a 
material of biological origin. 

In accordance with the present invention, it has 
now been surprisingly found that living cellular 
material can be microencapsulated in a system where 

30 certain polymers formed from acrylic acid derivatives 
may be used to form a matrix for the cellular material 
about which a semi-permeable membrane, also consisting 
of polymers of acrylic acid ester derivatives \ may be 
formed. In general, in this description of the 

35 invention, the polymers that are used to form the 
matrix are polyanionic whereas those forming the 
membranes are polycationic. However, it is also 
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within the scope of the invention for the matrix 
polymer to be polycationic and the membrane to be 
polyanionic. 

The present invention also includes a method of 
5 forming microcapsules # wherein a suspension of living 
cells in an aqueous solution of a polyanionic acrylic 
polymer is introduced in droplet form to an aqueous 
solution of a polycationic acrylic polymer, causing an 
interaction between the anionic and cationic groups at 

10 the interface between the suspension of living matter 
and the polymer solution. As a result, a 
water-insoluble polymer-polymer complex is formed, 
thus forming a microcapsule enclosing the living 
material suspension. In some instances, it may be 

15 possible to reverse the polymer reactants r and form 
the suspension of the living tissue in the 
polycationic polymer and introduce droplets thereof to 
an aqueous solution of the polyanionic acrylic 
polymer. 

20 Once the initial microcapsules are formed from 

the droplets, they may be further reacted with an 
additional polymer containing reactive groups to 
increase the thickness of the microporous 
semi -permeable membrane wall and to provide the 

25 required strength to retain the shape and integrity of 
the microcapsules and in addition control the porosity 
of the polymer capsule. 

It is preferred to provide an outer coating of a 
polymer containing group reactive with the 

30 oolycationic and/or polyanionic groups of the membrane 
polymer, typically epoxy groups, so as to be 
covalently bound to the membrane polymer and thereby 
provide the desired structural integrity and strength. 
The microcapsules may have any desired diameter 

35 consistent with the nature of the cellular material 
and the end use of the microcapsules. Generally, the 
diameter ranges from about 150 to about 2000 microns 
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and preferably, for cardiovascular injection , the 
microcapsules have a diameter from about 150 to about 
500 microns. 

The term "living cellular material" j is used 
5 herein to refer to a variety of forms pf living 
matter, including tissue, individual; cells, 
multicellular fractions and other biologically-active 
material. The invention has wide application to a 
variety of living cellular 1 material , even though only 
10 two specific embodiments of such living cellular 
material, namely Islets of Langerhans and hybridoma 
cells, are described in detail. It will be apparent 
to a person skilled in the art, that the general 
teachings of membrane formation are broadly applicable 
15 to all living cellular material. 

The interaction of the polyanionic and 
polycationic groups in the two polymeric acrylic acid 
derivatives is effective to form a biocompatible 
microporous semi -permeable membrane about living 
20 cellular material without adversely affecting the 
viability of the living cellular material. Once 
encapsulated, the living cellular material remain 
viable, healthy and physiologically-active and are 
capable of on-going metabolism. 
25 By the utilisation of the interaction of 

polyanionic groups in an acrylic polymer and; cationic 
groups on another polymer, there is able to be 
produced for the first time, encapsulated living 
cellular material, including Islets of Langerhans and 
30 hybridoma cells, using synthetic polymeric materials 
rather than natural-source polyanionic 

polysaccharides. An advantage of using isynthetic 
rather than natural polymers for microencapsulation of 
living cellular materials is the ability to design and 
35 prepare a large number of copolymers having a wide 
variety of structures and properties, enabling 
microcapsules to be developed to suit ; specific 
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applications. Further, the necessity of gelation and 

subsequent reliquif ication steps, as required j in the 

prior art procedures described above, is eliminated, 

thereby simplifying the microencapsulation procedure. 

5 The term "acrylic polymer" is used herein to 

refer to polymeric materials which are homopolymers or 

copolymers of various unsaturated acrylic ^cid or 

methacrylic acid monomers, at least one of which 

i i 
contains the anionic or cationic group (s) desired in 

10 the polymer. These polymers usually are insoluble but 
may be solubilized as aqueous solutions for use herein 
by providing the same in salt form by the use of acid 
or base, as appropriate. Others of such polymers are 
per se water-soluble and do not require separate 

15 solubilization for use herein. 

A description of certain preferred aspects and 
embodiments of the invention now follows. This 
following description is not to be construed as 
limiting the generality of the invention, as described 

20 above and as defined in the appended claims. 

In the present invention, living cellular 
material is encapsulated within a biocompatible 
semi-permeable membrane, which takes the form of a 
cross-linked hydrogel. The material to be 

25 encapsulated is suspended in a 

physiologically-compatible medium containing a 
water-soluble polyanionic acrylic polymer. The medium 
containing the polymer and the tissue to be 
encapsulated are formed into droplets which are 

30 introduced into an aqueous solution of a water-soluble 
polycationic acrylic polymer. An interaction takes 
place between the anionic and cationic groups in the 
two acrylic polymers at the interface between the 
suspension of living matter and the second acrylic 

35 polymer solution, thus forming a water-insoluble 
polymer-polymer complex as the initial layer of the 
, microcapsule. 
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The droplets of suspension of living cellular 
material may be formed in any convenient manner. It 
is preferred to employ the electrostatic; droplet 
generation procedure described in copending United 
States patent application Serial No, 631,471 filed 
July 16 , 1984, assigned to the applicant herein, the 
disclosure of which is incorporated herein by 
reference. This procedure is preferred in view of the 
very small diameter spherical droplets which may be 
formed thereby and the control that can be exercised 
over the droplet-forming operation, as described in 
detail in the aforementioned copending United States 
patent application. 

In the electrostatic droplet-forming procedure, 
the aqueous suspension is extruded downwardly at a 
first location and the extruded material is charged 
with a charge of one polarity. A charge of opposite 
polarity is established at a second location spaced 
vertically below the first location. A difference in 
voltage is provided between the two locations to form 
a liquid droplet from the extruded material and draw 
the same towards the second location. 

In one embodiment of this procedure, the first 
location comprises an axially-downwardly directed 
25 electroconductive needle, and the second location 
comprises the aqueous solution of the second acrylic 
polymer. In another embodiment of this procedure, the 
first location comprises an axial ly-downwardly 
directed electroconductive needle, the second location 
30 comprises a ring of electroconductive material 
surrounding and concentric with the axis ! of the 
needle, and the aqueous solution of the second acrylic 
polymer is located below the second location to 
receive and collect the formed droplets therein. 

The voltage difference for droplet formation is 
preferably applied cyclically in pulses to 
continuously-extruded droplet-forming aqueous 
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suspension to effect continuous production of droplets 
for microencapsulation. 

The monomers used in forming the acrylic 
copolymers employed in this invention must be of high 
5 purity. For synthesis of the polymers used \ in the 
experiments described herein, the monomers were 
purified by triple distillation and the copolymers 
synthesized by free radical solution polymerisation in 
ampoules sealed under vacuum. They were then pjurified 

10 by precipitation and dried. The copolymers were 
solubilised in aqueous medium as their salts by the 
addition of either acid or base, brought to 
approximately neutral pH and sterilised, either by 
autoclaving or filtration through a 0.22 micron 

15 filter. Any other convenient preparation and 
purification procedure may be adopted. 

A variety of types of polycationic acrylic 
polymer containing cationic groups may be used in the 
initial reaction with the polyanionic acrylic 

20 copolymer (copolymer A) to form the microcapsules and 
to obtain the microcapsule formation. Among the types 
that may be used are: 

(a) a polycationic acrylic copolymer containing 
tertiary amine groups and carboxylic acid groups 

25 (copolymer B) , 

(b) a polycationic acrylic copolymer containing 
primary and /or secondary amine groups and tertiary 
amine groups (copolymer C) , and 

(c) a polycationic acrylic copolymer containing 
30 epoxy groups and tertiary amine groups (copolymer D) . 

Copolymers B may be formed from a mixture of 
monomers capable of reacting to form a polycationic 
acrylic copolymer containing tertiary amine and 
carboxylic acid groups, for example, 

35 dialkylaminoacrylates and/or methacry lates , along with 
small quantities of acrylic and/or methacry lie acid. 
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Polymer C may be formed from a mixture of 
monomers capable of reacting to form a polycationic 
acrylic copolymer containing primary and/or secondary 
amine groups, for example, amino alkyl acrylates 
and/or methacrylates and mono and/or dialkyl acrylates 
and/or methacrylates, alkyl acrylates j and/or 
methacrylates, and hydroxyalkyl methacrylates and or 
methacrylates. 

Polymer D may be formed from a mixture of 
monomers capable of reacting to form an acrylic 
copolymer containing epoxy functionality; and/or 
tertiary amine groups, for example, alkyl acrylates 
and/or methacrylates, hydroxyacrylates and/or 
methacrylates, alkylamides and/or methacrylamides 
and/or vinyl pyrollidone, and epoxyalkyl acrylates 
and/or methacrylates. 

A wide variety of polycationic copolymers 
(copolymers B, C and D) may be employed based on 
copolymerized combinations * of 2-hydroxyethylmeth- 
acrylate (HEMA) , dimethylcuninoethylmethacrylate 

(DMAEMA) , diethylaminoethylacrylate (DEAEA) ;t-butyl- 
aminoethylmethacrylate (t-BAEMA) , 2 , 3-epoxypropylmeth- 
acrylate (PMA) , diethylaminoethylmethacrylate 

(DEAEMA) , ethylmethacrylate (EMA) and MA or AA. 

A wide variety of polyanionic copolymers 
(copolymer A) may be employed based on copolymerized 
combinations of 2 , 3-dihydroxypropylmethacrylate 
(HPMA) , 2-hydroxyethylmethacrylate (HEMA) , methacrylic 
acid (MA) or acrylic acid (AA) and methylmethacrylate 
(MMA) or ethylmethacrylate (EMA) or a combination of 
both. 

Thicker, stronger and smoother membranes are 
formed when the molar percentage of the cationic or 
anionic monomers in the comonomer feed composition is 
30 to 50%. 

As noted earlier, once the microcapsules are 
formed by ionic interaction between the acrylic 
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copolymerized combinations * of 2-hydroxyethylmeth- 
acrylate (HEMA) , dimethylaminoethy lmethacrylate 
(DMAEMA) , diethylaminoethylacrylate (DEAEA) t-butyl- 
aminoethylmethacrylate ( t-BAEMA) , 2 , 3-epoxypropylmeth- 
acrylate (PMA) , diethylaminoe thy lmethacrylate 

(DEAEMA) , ethylmethacrylate (EMA) and MA or AA. 

A wide variety of polyanionic copolymers 
(copolymer A) may be employed based on copolymerized 
combinations of 2 , 3-dihydroxypropy lmethacrylate 
(HPMA) , 2-hydroxyethy lmethacrylate (HEMA) , methacrylic 
acid (MA) or acrylic acid (AA) and methy lmethacrylate 
(MMA) or ethylmethacrylate (EMA) or a combination of 
both. 

Thicker, stronger and smoother membranes are 
formed when the molar percentage of the cationic or 
anionic monomers in the comonomer feed composition is 
30 to 50%. 

As noted earlier, once the microcapsules are 
formed by ionic interaction between the acrylic 
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polymers, the thickness of the membrane, along with 
other properties, such as porosity, may be increased 
by applying an additional polymer layer (copolymer E) . 
The nature of the polymer used depends to some extent 
on the order of the reactants used in the initial 
membrane forming step and the nature of the 
polycationic polymer employed. 

For example, where droplets of the aqueous 
suspension of the living cellular material in 
polyanionic acrylic polymer are introduced to an 
aqueous solution of polymer B, the microcapsules so 
formed may be transferred into a solution of an 
additional polycationic polymer B or C, which induces 
the formation of a second layer of polyelectrolyte 
complex, formed as a result of interactions between 
the groups on the polymers. 

Where droplets of the aqueous suspension of the 
living cells in polyanionic acrylic polymer are 
introduced to an aqueous solution of polymer d or an 
additional layer has been formed on the microcapsule 
using polymer C, the microcapsules so formed Imay be 
transferred into an aqueous solution of an acrylic 
polymer containing reactive epoxy groups (polymer D) , 
or similar reactive groups. A chemically-bound layer 
is formed on the surface of the microcapsule as a 
result of reaction between the epoxy group in polymer 
D with the amine, hydroxy and/or carboxylate functions 
present on the membranes of the microcapsules formed 
in the solution of polymer C. 

In order to neutralize any possibly remaining 
positive charges on the capsule membranes, the 
capsules prepared by any of the above methods 
preferably are placed in an aqueous solution of 
polymer A. 

Following formation of the microcapsules of the 
desired physical characteristics using the above-noted 
procedures, the microcapsules may be washed: in a 
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suitable aqueous solution to remove excess reactants, 
prior to placing them in a physiological medium. One 
suitable washing procedure is to wash the 
microcapsules three times in Hank's salt solution. 
5 The process of the invention is useful for 

microencapsulation of living cellular material, which 
may be in the form of living or viable tissue, 
multicellular fractions or individual cells. The 
membrane surrounding the cells is biocompatible so 

10 that the cells remain viable, physiologically active 
and are capable of ongoing metabolism. The membrane 
is microporous and semi-permeable, permitting 
essential nutrients to pass freely from the 
environment of the microcapsules to the cells and the 

15 metabolic products to pass from the cells to the 
environment of the microcapsules. 

The microcapsules may be used for in vitro 
production of metabolites from the encapsulated cells, 
but are particularly useful for in vivo implantation 

20 or injection to create artificial organs for human use 
in the treatment of mammalian disorders. In one 
particular embodiment of the invention, Islets of 
Langerhans may be microencapsulated using the process 
of the invention and the microcapsules implanted to 

25 act as a source of insulin to a diabetic animal, 
including humans. A further application is the 
microencapsulation of liver cells to provide a 
temporary organ for animals, including humans, 
suffering liver damage* Cells performing other 

30 functions also may be microencapsulated usirg the 
procedure of the invention, for example, hybridoma 
cells and the resulting products, for example, 
antibodies, may be isolated by rupture of the 
membrane. 

35 The invention is illustrated by the. following 

Examples : 
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A series of experiments was carried out to- effect 
microencapsulation of hybridoma cells and Islets of 
Langerhans. In the case of hybridoma cells; they 
were derived from BALB/c mice immunised cells with tne 
5 NS-1 murine plasmacytoma cell line. These hybridomas 
were normally grown in a modified RPMI-1640 medium. 

The microcapsules were formed by suspending the 
hybridoma cells (M2) in a 1.5% (w/v) solution of the 
copolymer A in RPMI medium and using a droplet 

10 generator in combination with syringe pump extrusion 
to introduce the droplets into a 3.9% aqueous solution 
of the copolymer B. The resulting microcapsules were 
washed and then coated with a thin layer of the 
copolymer C, by treating the capsules with a 3.9% 

15 (w/v) aqueous solution of this copolymer. The 
capsules were washed and further strengthened by 
treatment with a 0.1% (w/v) solution of the copolymer 
D. This layer of membrane was covalently bound 
through the epoxy groups rather than ionically bound 

20 as are the previous copolymer layers. 

The approximate size of the microcapsules was 400 
microns and each capsule initially contained less than 
10 hybridoma cells. The cells multiplied and 
gradually filled the microcapsules over a period of 

25 eight days. The final cell density was 5x10 cells/ml 
after eight days of growth. Immunoglobulin G was 
produced by the microencapsulated cells and after the 
eighth day the concentration was shown to be 3 ug/ml. 
In the case of Islets of Langerhans , the cells 

30 obtained from an animal pancreas, were 
microencapsulated by suspending them in CHRL 1969 
medium containing copolymer A and forming droplets 
which went into a solution of copolymer B. The 
capsules were strengthened by formation of another 

35 polymer layer by placing in copolymer C. The Islets 
were shown to remain viable and produce insulin for at 
least two weeks. 
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In the series of experiments, the copolymer A was 
prepared from 26.8 mole per cent HEMA, 32. 8 mole per 
cent AA and 40.4 mole per cent MMA monpmers; the 
copolymer B was prepared from 7.5 mole per cent HEMA, 
5 17.6 mole per cent DMAEMA, 17.5 mole per cent DEAEA, 
53.3 mole per cent EMA and 4.1 mole per cent AA; the 
copolymer C was prepared from 7.8 mole per cent HEMA f 
19.3 mole per cent DMAEMA, 18.5 mole i per cent 
t-butylaminoethylmethacrylate (tBAEMA) and 54.5 mole 

10 per cent EMA; and the copolymer D was preipared from 
5,0 mole per cent 2 , 3-epoxypropylmethacrylate (EPMA) , 
39.9 mole per cent diethylaminoethylmethacrylate 
(DEAEMA) and 55.2 mole per cent of EMA. 

The following specific examples illustrate the 

15 invention and provide specific details of the series 
of experiments referred to above. 
Example 1 

This Example illustrates the preparation of 
copolymer A. 

20 The following reactants were added to 25 ml of 

methanol and 1 ml of water: 0.8 ml of AA, 1.54 ml of 
MMA and 1.20 ml HEMA monomers. Potassium persulphate 
(2.2 mg) was added and the mixture was heated at 60°C 
for 80 hours. The polymer was isolated by 

25 precipitation, and purified by further precipitation. 
Example 2 

This Example illustrates the preparation of 
copolymer B. 

Copolymer B was polymerised by adding to a 
30 mixture of 10 ml of toluene and H.5 ml of methanol, 
1.25 ml of DMEAMA, 1.4 ml of DEAEA, 0.4 ml HEMA, 2.4 
ml EMA monomers with 420 mg of AMIB as the initiator. 
The polymerisation was performed at 50°C for 80 hours, 
and the product was isolated and purified by 
35 precipitation. 
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Example 3 

This Example illustrates the preparation of 
copolymer C. 

Copolymer C was synthesized by polymerisation of 
1.35 ml DMAEMA, 1.6 ml of tBAEMA, 0.4 ml of HEMA and 
2.8 ml of EMA in 10 ml of toluene and 8.5 of methanol as 
solvents and using 420 mg of AMIB as an initiator. 
The polymerisation was performed at 50°C for 24 hours, 
and the product was isolated and purified by 
precipitation. 
Example 4 

This Example illustrates the preparation of 
copolymer D. 

Copolymer D was synthesized by polymerisation of 
0.28 ml of 2,3-epoxypropylmethacrylate (EPMA) , 3.4 ml 
DEAEMA and 2.85 ml EMA using 420 mg of AMIB as an 
initiator in a mixture of 10 ml of toluene and 8.5 ml 
of methanol as solvents. The polymerisation was 
performed at 50 °C for 29 hours. The product was 
isolated and purified by precipitation. 
Example 5 

This Example illustrates the preparation of 
hybridoma cells for microencapsulation. 

Hybridoma cells were derived from a fusion of 
BALB/c m *ise spleen cells immunised with a human IgM 
kappa paraprotein and the NS-1 plasmacytoma cell line. 
The resultant hybrids were screened for reactivity to 
pooled normal IgM. Subclones were subsequently 
propagated in RPMI-1640 supplemented with 10% (v/v) 
fetal calf serum (PCS) , 100 u/ml penicillin, 100 ug/ml 
streptomycin , 2 mM glut amine, 2 mg/ml sodium 
bicarbonate and cultured at 37°C in a humidified 
incubator with 5% C0 2 in air. The supplemented medium 
is designated RPMI. 
Example 6 

This Example illustrates microencapsulation of 
hybridoma cells. 
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Cell microencapsulation was performed using a 
suspension of hybridoma cells in a 1.5% (w/v) solution 
of the copolymer A in RPMI. Droplets were generated 
using the electrostatic droplet generator described in 
5 the aforementioned U.S. patent application Serial No. 
631,471 and introduced into a 3.9% (w/v) aqueous 
solution of the copolymer B to form? a capsule 
membrane . The microcapsules were washed ; three times 
with modified Hank's buffered salt solutioh (HBSS) and 

1 0 coated with a thin layer of the polycationic copolymer 
C, by treating the microcapsules with a; 3.9% (w/v) 
aqueous solution of the latter polymer. The 
microcapsules were washed three times with HBSS and 
strengthened by further treatment with a 0.1% (w/v) 

15 solution of the copolymer D. The microcapsules were 
then cultured in RPMI, in a humidified incubator at 
37 °C with 5% C0 2 in air. 
Example 7 

This Example illustrates the microencapsulation 

20 of Islets of Langerhans. 

Microencapsulation of Islets of Langerhans was 
performed in a similar manner. Approximately 400 
Islets of animal origin were suspended in 1 ml of the 
medium CMRL-1969 at twice its normal concentration and 

25 containing 10% fetal calf serum. The suspension was 
diluted with an equal volume of a 3.3% (w/v) aqueous 
solution of copolymer A and droplets were formed and 
encapsulated in copolymer B as before. The 
microcapsules were further washed and then 

30 strengthened by additional immersion in copolymer D. 
The Islets were shown to be viable by the use of 
Trypan blue stain. In addition the encapsulated 
Islets were shown by microassay to be still producing 
insulin after ten days in the medium. 

35 In summary of this disclosure, the present 

invention provides a novel procedure for the 
microencapsulation of living cellular material using 
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CLAIMS 

1. A microcapsule comprising a biocompatible semi- 
permeable membrane surrounding a core containing living 
cellular material, characterized in that said membrane 

05 is formed by the ionic interaction of a matrix 

biocompatible, non-toxic acrylic polymer which is 
polyanionic or polycationic and a membrane 
biocompatible, non-toxic acrylic polymer which is 
oppositely charged to said matrix acrylic polymer. 

10 2. A microcapsule as claimed in Claim 1, : 

characterized in that said matrix acrylic polymer is 
polyanionic and said membrane acrylic polymer is 
polycationic. 

3. A microcapsule as claimed in Claim 1 or Claim 2, 
15 having a diameter of 150 to 2000 micrometres. 

4. A microcapsule as claimed in any one of Claims 1 
to 3, characterized in that said membrane further 
comprises at least one additional layer of 
biocompatible polymeric material. 

20 5. A microcapsule as claimed in Claim 4, 

characterized in that said at least one additional 
layer includes an outer biocompatible acrylic polymer 
material containing groups covalently bonded to a 
subsurface layer of Said membrane . 

25 6. A microcapsule" as claimed in any one ; of Claims 1 
to 5 r characterized in that said matrix acrylic 
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polymer is polyanionic and in that said membrane 
polymer is polycationic and contains (a) tertiary amine 
groups and carboxylic acid groups, (b) primary and/or 
secondary amine groups, or (c) epoxy groups and/or 
05 tertiary amine groups. 

7. A microcapsule as claimed in any one of Claims 1 
to 6, characterized in that said cellular material is 
hybridoma cells or Islets of Langerhans . 

8. A method for the formation of microcapsules, 

10 characterized by (a) forming an aqueous suspension of 
living cellular material in an aqueous solution of a 
first, water-soluble biocompatible, non-toxic acrylic 
polymer which is polyanionic or polycationic, and (b) 
introducing said aqueous suspension in droplet form to 

15 an aqueous solution of a second water-soluble, 

biocompatible, non-toxic acrylic polymer which is 
oppositely charged to said first acrylic polymer, so as 
to cause an interaction between the anionic and 
cationic groups at the interface between the suspension 

20 of living matter and the second acrylic polymer 
solution and the formation of a water-insoluble 
polymer -polymer complex. 

9. A method as claimed in Claim 8, characterized in 
that said microcapsules are reacted with an additional 

25 polymer containing groups .reactive with surface groups 
of the microcapsule to increase the thickness of the 
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microporous membrane wall and to provide sufficient 
strength to retain a spherical shape and structural 
integrity upon in vivo introduction. 
10. A method as claimed in Claim 8 or Claim 9, 
characterized in that said aqueous suspension and said 
aqueous solution both have an approximately neutral P H 
and said first and second acrylic polymers are present 
in solubilized salt form. 
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